INTRODUCTION
Since the initial collision between India and Asia at 50 Ma (Rowley, 1996) ,~1000 km of shortening has been accommodated between the Indian shield and southern Tibet (Dewey et al., 1989; Chen et al., 1993; Patzelt et al., 1993) . A considerable portion of this deformation occurred largely within the Himalaya (Ratschbacher et al., 1994; Schelling, 1992) and resulted in exhumation of the Greater Himalayan Crystallines, the high-grade metamorphic core exposed in the highest parts of the Himalaya. Central to understanding the exhumation history of the Greater Himalayan Crystallines is knowledge of the timing of slip on the major bounding fault systems, the Main Central thrust and South Tibetan detachment system (Fig. 1 ). Both southdirected motion on the thrust (Gansser, 1964; Schelling, 1992) and north-south extension on the detachment (Burg et al., 1983; Burchfiel et al., 1992; Edwards et al., 1996) have been significant in the exhumation of the Greater Himalayan Crystallines.
The South Tibetan detachment system places generally low-grade Tethyan metasedimentary rocks against the Greater Himalayan Crystallines (Burg et al., 1983; Herren, 1987; Burchfiel et al., 1992; Edwards et al., 1996; Hodges et al., 1996) . Variably deformed leucogranites are commonly exposed in the footwall of the detachment (Fig. 1) . The timing of slip on various segments of the detachment system has chiefly been constrained by U-Th-Pb accessory mineral ages of adjacent synkinematic leucogranites (Copeland et al., 1988; Edwards and Harrison, 1997; Harrison et al., 1995b; Hodges et al., 1992; Parrish, 1990; Searle et al., 1997; Wu et al., 1998) . In general, these leucogranites demonstrably predate the detachment or crystallized during extensional deformation. One apparent exception is a granite exposed in the Rongbuk Valley immediately north of Mount Everest (Fig. 1) .
The minimum age of slip on the South Tibetan detachment system has largely hinged on a single outcrop showing the apparent crosscutting relationship between the Rongbuk granite and the Qomolangma detachment, a segment of the South Tibetan detachment system exposed in the Rongbuk Valley. Burg et al. (1983) first characterized the leucogranites in the Rongbuk Valley as sills oriented subparallel to the detachment and entirely restricted to the footwall ( Fig. 2A) . Burchfiel et al. (1992) did not directly observe the contact between the Rongbuk granite and the upper trace of the detachment, but inferred a crosscutting relationship in a schematic cross section (Fig. 2B) . This interpretation was expanded by Hodges et al. (1998) , on the basis of remote sensing data (Fielding et al., 1996) , to constrain a slip rate on the Qomolangma detachment of ≥47 mm/yr (Fig. 2C) .
Numerous U-Th-Pb analyses of accessory minerals (zircon, monazite, xenotime, uraninite) separated from a float block (sample ∆33) thought to be derived from the Rongbuk granite (Copeland et al., 1988; Parrish, 1990; Hodges et al., 1992 Hodges et al., , 1998 Harrison et al., 1995b) have been obtained with the goal of establishing the crystallization age of the pluton. Although most workers agree that igneous monazite in ∆33 crystallized between 21.5 and 23 Ma (Copeland et al., 1988; Parrish, 1990; Hodges et al., 1992; Harrison et al., 1995b) , Hodges et al. (1998) concluded that ca. 22 Ma crystals are restitic. On the basis of the apparent crosscutting relationship between a 16.67 ± 0.04 Ma mylonitic sill (U-Pb analyses of zircon, monazite, and xenotime) and the Rongbuk granite, Hodges et al. (1998) 
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crystallization age for the Rongbuk granite. Although the precise crystallization age of this float block remains controversial, it is the inferred crosscutting relationship that is most consequential to interpretations of the tectonic evolution of the Himalaya. In this paper we present field mapping of the Qomolangma detachment and its footwall ( Fig. 3 ) together with Th-Pb monazite ages of footwall leucogranites. From these observations, we conclude that (1) no leucogranite bodies cut the detachment in the area of Rongbuk Village and (2) the shear zone associated with the Qomolangma detachment was active ca. 17 Ma.
QOMOLANGMA DETACHMENT
As initially mapped by Burg et al. (1983) , and in more detail by Burchfiel et al. (1992) , the Qomolangma detachment places the Greater Himalayan Crystallines, an injection complex composed of psammitic schists, gneisses, and variably deformed leucogranites, in its footwall against Ordovician low-grade metacarbonates and calcareous shales in its hanging wall. Adjacent to Rongbuk Village, the footwall rocks are well exposed in the steep glacial walls between 5000 and 5850 m (Fig. 3) . This 850-m-thick sequence of rocks contains a penetrative foliation that, in general, dips gently to the northeast and strikes between N30°W and N75°W. Variations in the attitude of the shear-zone foliation and the upper trace of the detachment arise from (1) northeasttrending antiforms and synforms that are subparallel to the shear-zone stretching lineation and (2) motion on younger east-and northeast-trending brittle normal faults (Fig. 3) . Stretching lineations, typically measured from aligned aggregates of quartz and muscovite, trend ~N25°E. Shear-sense indicators, such as asymmetric feldspar augen and asymmetric folds, indicate a top-to-the-northeast shear. Immediately beneath the upper trace of the detachment is an ~50-100-m-thick marble unit (Fig. 3) . The top of this unit consistently coincides with the upper trace of the detachment along the east side of the Rongbuk Valley and also appears in another transect across the South Tibetan detachment system near Nyalam (Burchfiel et al., 1992) . It is likely that between Rongbuk Valley and Nyalam, late-stage movement on the detachment system had preferentially exploited and positioned itself along this mechanically weak layer.
Approaching the upper trace of the detachment, the footwall rocks are more fractured and injected by veins containing chlorite, quartz, and epidote. Where exposed, discrete, subparallel shear planes lined with a clay-rich gouge characterize the upper trace of the detachment. S-C fabrics and rare tool marks, oriented ~N30°E, in the gouge indicate a top-to-the-northeast shear sense on the fault. On the basis of the similar transport direction of the mylonitic rocks and the brittle detachment, we interpret that they represent the same evolving shear zone. Above the detachment, original bedding in the limestones and less abundant siltstones has been transposed, as evidenced by numerous intrafolial folds with fold axes generally plunging to the southeast.
RONGBUK LEUCOGRANITES
On the basis of crosscutting relationships and degree of deformation, our field mapping shows the presence of at least two generations of leucogranites. The older generation of leucogranites is mylonitic, parallel to the footwall foliation, and is locally crosscut by a younger set of dikes that, depending on their position within the footwall, are variably deformed.
Because of the high relief between the valley floor and the upper trace of the detachment, we were able to characterize the relationship between the two generations of leucogranites from lower to higher structural levels within the shear zone (see cross section in Fig. 3 ). At lower structural levels, the younger generation of granite dikes cuts across mylonitic granite sills and the shearzone foliation. At higher structural levels, approaching the upper trace of the detachment, the younger granite dikes are deflected northeastward into parallelism with the shear-zone foliation by discrete,~2-10-cm-thick ductile shear zones. S-C fabrics and tailed feldspar augen within these deflected dikes indicate top-to-the-north-northeast shear sense, consistent with that determined on the fault surface. Nowhere within the mapped area did we observe any leucogranite bodies that crosscut the upper trace of the detachment.
To ascertain the age relationships among the different leucogranite bodies, we dated (1) a crosscutting dike, (2) a dike that has been deflected into parallelism with the shear-zone foliation, and (3) a mylonitic sill immediately beneath the upper trace of the detachment (Fig. 3) . Obtaining accurate crystallization ages of Himalayan leucogranites is somewhat problematic, but 208 Pb/ 232 Th ion-microprobe dating of monazite has proved to be a reliable method at the ±0.5 m.y. level (Harrison et al., 1995b) . (Analytical details were described in Harrison et al., 1995b ; tabulated results are available 1 ; also see http://oro.ess.ucla.edu/rongbuk/rongbuk.html. In general, individual spot analyses cluster about a characteristic value with ages tailing to higher values, probably owing to the presence of an inherited component.
We obtained Th-Pb ages of 16.8 ± 0.8 Ma for a crosscutting dike (sample 98-6-21-9), 16.4 ± 0.6 Ma for a deflected dike (sample 98-6-19-5), and 16.2 ± 0.8 Ma for a mylonitic sill immediately beneath the detachment (sample 98-6-19-8C). On the basis of geologic relationships (i.e., the variably deformed nature of the leucogranite sills and dikes) and the Th-Pb ages described here, we conclude that the Qomolangma detachment was active ca. 17 Ma. Although we cannot rule out the possibility that slip on the detachment occurred prior to this, there is no evidence that supports such a scenario.
DISCUSSION
Because the three crystallization ages are statistically indistinguishable, their crosscutting relationships provide a better constraint on the relative age of events than do the geochronological data. We speculate that the Qomolangma detachment evolved from a >850-m-thick sequence, including the older generation of granites. As the ductile shear zone developed, it was exhumed to higher crustal levels by progressive slip on the fault where shearing became localized at the top of the marble unit (Ptm in Fig. 3) , allowing the younger generation of granites to cut across the shear-zones fabrics that formed at depth. Adjacent to this narrower shear zone, the younger generation of dikes was sheared into parallelism with the shear-zone foliation. Our interpretation is supported by field mapping and petrographic analyses of the Qomolangma shear zone immediately to the south of Rongbuk Village that re- 832 GEOLOGY, September 1999 veal two major top-to-the-northeast shear zones that evolved from lower to higher structural levels in the crust (Carosi et al., 1998; Searle, 1999) . The most consequential aspect of the interpretation that the Rongbuk granite cuts the Qomolangma detachment (e.g., Hodges et al., 1998) is that the age of the granite places a lower bound on the timing of slip along the South Tibetan detachment system. This assessment is true regardless of what one interprets the age of ∆33 to be. Our results clearly rule out such a relationship, and that leucogranites do not cut the detachment should not be surprising. Although the detachment system has been mapped at a large number of sites across the collision zone (e.g., Shisha
Pangma, Nyalam, Dinggye, Wagye La, and Gonta La), nowhere else have leucogranite bodies been mapped cutting the South Tibetan detachment system (Burchfiel et al., 1992; Edwards et al., 1996; Searle et al., 1997; Wu et al., 1998) . The leucogranites at these localities, to varying degrees, contain shear fabrics that appear to be related to slip on the fault. U-Th-Pb dating of accessory minerals from leucogranites at these localities yields crystallization ages of 17.3 ± 0.2 Ma (Shisha Pangma; Searle et al., 1997) , 16.8 ± 0.6 Ma (Nyalam; Schärer et al., 1986; Xu, 1990) , ca. 15 Ma (Dinggye; Xu, 1990) , ca. 11.9 Ma (Wagye La; Wu et al., 1998) , and 12.5 ± 0.3 Ma (Gonta La; Edwards and Harrison, 1997) . Although the timing of initiation of the South Tibetan detachment system is not well constrained, these ages and the geologic relationships, including those at Rongbuk, imply that the detachment system was active at 17 Ma, or shortly thereafter, whereas at Wagye La and Gonta La it is demonstrated that the detachment system was active after 12.5 Ma. A lower age limit for slip on the detachment system is constrained by the initiation ca. 8 Ma of north-trending normal faults in southern Tibet (Harrison et al., 1995a ) that locally cut the South Tibetan detachment system (Burchfiel et al., 1992; Tibetan Bureau of Geology and Mineral Resources, 1992; Wu et al., 1998 may cut the contact between the Greater Himalayan Crystallines and Tethys metasedimentary rocks beneath the Manaslu intrusive complex, central Himalaya (P. LeFort, personal commun., 1995) , this relationship has not been directly mapped and, more to the point, no crosscutting dikes have yet been dated (Harrison et al., 1999) .
The dating results described here do not provide evidence for the widely accepted view that Miocene Himalayan deformation was characterized by contemporaneous shortening along the Main Central thrust at deep structural levels and extension at shallower structural levels along the South Tibetan detachment system. Constraints on the timing of thrusting are that the Main Central thrust hanging wall was deforming between 22 and 18 Ma (Hodges et al., 1996; Coleman, 1998) and reactivated as a broad shear zone below the Greater Himalayan Crystallines between 8 and 4 Ma (Harrison et al., 1997) . It is generally assumed that the Main Central thrust was inactive during the middle Miocene development of the Main Boundary thrust (Burbank et al., 1996) . Slip along the South Tibetan detachment system is documented to have occurred in the interval 17-11 Ma, the same period in which no displacement has been directly attributed to the Main Central thrust. Although the concept of simultaneous slip along the Main Central thrust and South Tibetan detachment system resulting in wedge extrusion of the Greater Himalayan Crystallines is appealing, we emphasize that there is no evidence for their contemporaneous motion. Rather, what we document is consistent with alternating periods of shortening and extension in the Himalaya since the early Miocene (e.g., Hodges et al., 1996) .
CONCLUSIONS
Field mapping of the Qomolangma detachment and dating studies of footwall leucogranites reveal that no leucogranite bodies cut the detachment and that the Qomolangma detachment was active ca. 17 Ma. From the observed crosscutting relationships between leucogranites and shear-zone fabrics, we suggest that the Qomolangma detachment developed from a >850-m-thick ductile shear zone into which an earlier generation of granites was emplaced and subsequently deformed. As the shear zone was exhumed to higher crustal levels by progressive slip on the fault, shearing became more localized, allowing a younger generation of granite bodies to cut across the shear-zone fabrics that had formed at depth. Immediately adjacent to this narrower shear zone, the younger dikes were sheared into parallelism to the shear-zone foliation. Because slip along the South Tibetan detachment system is currently demonstrated to have occurred in the interval 17-11 Ma-an interval for which displacement along the Main Central thrust has not been documented-the widely accepted view that the Greater Himalayan Crystallines were extruded by simultaneous slip along the Main Central thrust and South Tibetan detachment system is not supported by evidence.
